Abstract. -A Monte Carlo simulation of a two-dimensional nuclear antiferromagnet is presented and compared with mean field calculations. The model includes nearest neighbor dipolar and exchange interactions and a single ion term. The phase diagram as a function of field and temperature is calculated, and the constant entropy lines, which are the paths of adiabatic nuclear cooling, are included. The fluctuations reduce the transition temperatures strongly, whereas the isentrops are altered much less relative to those calculated by the mean field theory. The dynamics of the ordering process after "quenches* is studied under constant field, temperature, and entropy conditions. When cooled to low temperatures by adiabatic demagnetization, a nuclear spin system is isolated from all external heat baths; thus its thermodynamic equilibrium states are characterized by the magnetic field H and the entropy S. In order to construct a conventional phase diagram as a function of temperature and field, the equation of state relating entropy to these variables must be determined. The only theoretical method employed for this purpose previously has been the mean field theory [I] .
To investigate the effect of fluctuations on the adiabatic process we studied a model of a nuclear antiferromagnet both by the Monte Carlo simulation method and by the mean field approximation. Our system consists of classical spins in a two-dimensional square array. The Hamiltonian is where l i i is a unit vector connecting nearest neighbors. The ground state spin configuration in zero field is an antiferromagnet of aligned spin chains either in the n or in the pdirection, thereby making four different domains possible.
The size of the model simulated was N = 202, except in the transition region, where arrays of N = 642 and N = 2002 spins were studied. In figure l a the resulting phase diagram including isentrops is presented. In figure l b we show the diagram calculated by the mean field theory. The critical temperature is significantly reduced owing to thermal fluctuations, but the isentrops given by the two methods agree well when T < T~~.
The phase boundary consists of sections of first and second order transitions, separated by a tricritical point (T*, H*) . The first order section is clearly increased by fluctuations. The boundary has a maximum for a finite temperature, below which the transition to the ordered state is endothermic.
As the system enters the antiferromagnetic phase, all four types of domains are nucleated. In order to destroy the energetically unfavorable boundaries, the domains start to compete and to grow gradually larger.
We investigated the domain-growth kinetics by "quenching" the model in constant H or T from an equilibrium state at a high temperature or field into a point (T, H) in the antiferromagnetic phase.
Quenches into two different final points, (TI, Hi) and (T2, H2) with TI < T* < T2, were performed. The dependence of the inverse excess energy AE-' (t) =
[E (t) -E (T, H)]-' on time t was found to obey the classical Lifshitz-Allen-Cahn growth law AE-' (t) o:
t1I2, which is consistent with previous findings [2-41.
In order to study the ordering process during adiabatic demagnetization we performed quasi-isentropic quenches, during which the system was guided along an isentrop step by step into the ordered state. We 
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cantly differ from those obtained by quasi-isentropic quenching.
In conclusion, we have determined the phase diagram and the isentrops for a model nuclear antiferromagnet both by Monte Carlo simulation and by the mean field approximation. Although fluctuations were found to renormalize strongly the transition temperature, there was good overall agreement between the isentrops produced by the two methods up to temperatures T < T F~. We thus find that the mean field theory can be employed to estimate fairly accurately local properties, like energy fluctuations and the related entropy, keeping in mind that the transition curve given by the method should be interpreted as the onset of the short range ~r d e r rather than as the true phase boundary. Therefore, in typical experiments on nuclear ordering [5] , in which the entropy is readily obtained, the mean field approximation can be used to estimate the temperature. The domain-wall kinetics were found to be consistent with previous resdts. No peculiarities could be observed in the process of quasi-isentropic demagnetization compared to the isothermal case. 
